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The Cosmic Ray Extremely Distributed Observatory Collaboration

key reference: Symmetry 2020, 12(11), 
1835; https://doi.org/10.3390/sym12111835

https://doi.org/10.3390/sym12111835


Cosmic ray 
large scale 
correlations!
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The need for global solutions!
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CREDO: already global

46 institutions / 20 countries / 5 continents / ~ 15 700 users / ~ 12 000 teams / > 11 800 000 smartphone 
detections / > 1200 smartphone work years 



CREDO Detector: what do we see?  

[work in progress, e.g. at INP PAS] 

muons?

air 
showers

?
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“The quest for the unexpected”: particle track candidates 
and invaluable vigilance and curiosity of citizen scientists

“What is this, a mini black hole???”

aplication: CREDO Detector, user Grzegorz, 
detection: 2018-11-10

Disussion: 
https://credo.science/credodetektor/viewtopic
.php?f=4&t=17&start=60

https://credo.science/credodetektor/viewtopic.php?f=4&t=17&start=60
https://credo.science/credodetektor/viewtopic.php?f=4&t=17&start=60


Science highlights:

the unexpected “game changer” discovery 
candidates potentially sensitive to 
breakthrough contributions by citizen 
scientists: 

event clusters & cosmo-seismic correlations
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and: R. Clay, J. Singh, for the CREDO Collaboration, PoS(ICRC2021)298, https://pos.sissa.it/395/298/pdf; 

● 4 bursts, time scale: < 
1 min.; total chance 
probability: ~4𝛔 

● additional properties: 

○ clustering 
directions in     
3 bursts

○ increasing time 
between events 
in bursts

https://www.mdpi.com/2073-8994/14/3/501
https://pos.sissa.it/395/298/pdf


The search for air shower clusters: Adelaide

R. Clay, J. Singh, for the CREDO Collaboration, PoS(ICRC2021)298, https://pos.sissa.it/395/298/pdf 
(a conference report at  the 37th International Cosmic Ray Conference 2021)

.
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Ultimate statistical significance? Work in progress!

https://pos.sissa.it/395/298/pdf


Quantum Gravity Previewer: online experiment!

* observed

* expected from random

Cumulative number of hit pairs („doublets”) within 5 min, in a single smartphone
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See also the IFJ PAN / CREDO
public release in EurekAlert!

HERE

https://www.eurekalert.org/pub_releases/2018-10/thni-cfl100418.php
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Interdisciplinary potential: contribution to earthquake early warning system?

https://arxiv.org/abs/2204.12310
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The data
public resources of:
Pierre Auger Observatory scaler data
Neutron Monitor Database 
U.S. Geological Survey
Solar Influences Data analysis Center

Checking for a correlation |dN
CR

|vs. 𝝨magnitude
EQ

 using 5-day bins over ~4.5 yr windows

https://labdpr.cab.cnea.gov.ar/ED/index.php?scaler=1
http://www01.nmdb.eu/
https://earthquake.usgs.gov/earthquakes/search/
http://www.sidc.be/silso/datafiles


local cosmic dynamics vs. global seismicity: 
dependence on geographical location?
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~6 𝜎 significance of the effect in three technically independent CR data sets collected by the Moscow and Oulu NMDB stations, and by the Pierre Auger 

Observatory, compared to sunspot numbers. Each point illustrates the correlation effect during the last ~4.5 years (335 five-day intervals). All the 

significance curves were obtained after fine tuning of the parameter t0  performed by applying 20 small shifts in time between 0 and 5 days.  

different cosmic ray sites see 
the correlation effect 
differently? Need for more 
detectors? 
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The dependence of the significance of the cosmo-seismic correlations on the time shift t of the EQ data with 
respect to the Auger CR data, for the optimum free parameter set defined in Eq. 1. The positive or negative 
values of t correspond to the situations in which one compares the secondary cosmic ray data in a given time 
interval to the seismic data recorded in time intervals in the future or in the past, respectively. 

Cosmic ray variation 15 days before the corresponding change in seismic activity!
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New perspective for 
an early warning 
system against 
earthquakes?
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Interpretation: Role of the Sun or DM stream?

The anomaly indicator in the Moscow NMDB data 
set compared to the sunspot number. Each point 
on the correlation significance curves 
corresponds to the effect found over the 
smoothing window length of ~4.5 years (1675 
days, in red) and ~9 years (3350 days, in blue), 
with the curve points located at the centers of the 
windows. 

P. Homola et al., 2022: https://arxiv.org/abs/2204.12310
K. Zioutas et al., 2021
Phys. Sci. Forum 2021, 2(1), 10; https://doi.org/10.3390/ECU2021-09313
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https://arxiv.org/abs/2204.12310
https://doi.org/10.3390/ECU2021-09313
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The breakthrough in science might come from citizen science…

→ large geographical spread

→ inter-collaboration cooperation

→ massive public engagement

citizen science might 
be an invaluable 
scientific tool!

Predicting earthquakes?? Probing DM streams??? Testing Quantum Gravity scenarios???  With smartphones????
-> possible ultimate ambition: cosmic ray station in every school and BTS station + citizen science
-> organizational concept: e.g. Open Multi Messenger Organization (OMMO)



backup
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More about CREDO
https://credo.science 

Personal contact:

Piotr Homola / CREDO Project Coordinator / 
Piotr.Homola@credo.science / +48 502 294 333
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https://credo.science/
https://www.facebook.com/credo.science/
https://twitter.com/RayExtremely
https://play.google.com/store/apps/details?id=science.credo.mobiledetector&hl=en
https://www.youtube.com/channel/UCJ0YBweH_slFRQYqGz_XZ_A/videos
https://github.com/credo-science
https://www.instagram.com/credo.science/
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astro/cosmo/geo/bio/eco/hi-tech/... 
infrastructure



CREDO detectors today

CREDO Detector (Android app, ~2M track candidates, origin: IFJ PAN)

cosmicrayapp.com (iOS, ~7M track candidates, origin: Canada)

CREDO Web Detector (Chrome, in tests, origin: Kraków)

HEAMS - High Energy Astrophysics Muon System (8 x 1m2 scintillator 
detectors, ~300k ~0.1 PeV air showers, location: Adelaide)

public resources: 

Pierre Auger Observatory scaler data, Neutron Monitor Database 

short term perspective: GELATICA, CZELTA, other public resources
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https://credo.science/credo-detector-mobile-app/
https://cosmicrayapp.com/
https://credo-web-detector.github.io/
http://www.physics.adelaide.edu.au/astrophysics/muon/
https://labdpr.cab.cnea.gov.ar/ED/index.php?scaler=1
http://www01.nmdb.eu/
https://arxiv.org/abs/2006.06509
http://czelta.utef.cvut.cz/publicweb/?language=en


the COSMO-GEO precursor concept 
Earth outer core: Liquid (molten iron)

→ geomagnetism

Impulse (tidal forces)
→ hydrodynamics: waves

→ Mechanical wave upwards (slow, hours?)
→ Electromagnetic wave („instant”, ms)

Local/global geomagnetic field vector changes
AND seismic effect might occur!

Variation of the CR rate!

Earthquake precursors?
22

Source: Wikipedia / „Geomagnetic reversal”

Source: Wikipedia / „Health threat from cosmic 
rays”



23-> “Pay attention to data”!



24-> “Pay attention to data”!
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https://indico.in2p3.fr/event/18287
/

The astro-geo direction

https://indico.in2p3.fr/event/18287/
https://indico.in2p3.fr/event/18287/
https://indico.in2p3.fr/event/18287/

